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Abstract Governments charge their conservation agen-
cies to safeguard biodiversity through protected areas and
threat mitigation. Increasingly, conservation management
and policy need to be supported by rigorous evidence
provided by science. As such, institutional arrangements
should consider and enable effective scientific research and
information dissemination. What role can in-house agency
research play in responding to this challenge? We exam-
ined the research capabilities of three conservation agen-
cies from Australia, South Africa, and United States. Seven
indicators were used to characterize the reliability and
relevance of agency research. We found similarities among
agencies in their patterns of peer-reviewed publication,
cultures of research collaboration, and tendencies to align
research with organizational objectives. Among the many
and diverse activities that constitute the role of a contem-
porary agency researcher, we emphasize two key research
dimensions: reliability, achieved through peer-reviewed
research output, and relevance, achieved through active
stakeholder engagement. Amid increasingly challenging
realities for conservation of ecosystems, agency science
functions are vital to providing the evidence base required
for effective management and policy development.
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Introduction
Over the past 50 years, rates of resource use and destruc-
tion of natural systems have accelerated rapidly, driving
long-term biodiversity loss (Butchart et al. 2010) and
eroding essential services provided by ecosystems (Cardi-
nale et al. 2012). Protected areas represent a widely used
and well-accepted strategy for buffering the planet and
humanity against such environmental degradation (Palomo
et al. 2014). Approximately 15 % of the terrestrial realm
and 8 % of the world’s marine environments are under
some level of protection as part of an international network
of designated protected areas (Juffe-Bignoli et al. 2014,
Watson et al. 2014). While the world’s protected areas
contribute to providing refuges for endangered species,
preserving scenic beauty, and stimulating economic de-
velopment (Bertzky et al. 2012), many threats challenge
the effectiveness of these areas in meeting biodiversity
goals (Kingsford et al. 2009). Key challenges include
regulation of harvesting, restoration of damaged systems,
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mitigation of anthropogenic caused climate change,
minimizing the undesirable impacts of invasive alien spe-
cies, and other threats to habitats and ecosystem processes.
Science to inform management decisions is critical for
conservation and environmental management. Jane
Lubchenco (1998) called for a new ‘contract’ for science
for the twenty-first century, noting that the ‘‘role of science
in informing decisions is emerging as one of the critical
unmet needs of society at the end of the millennium.’’
Indeed, the institutional arrangements of conservation
agencies and their effectiveness for scientific research and
information dissemination are critical. Government agen-
cies responsible for the protection of the natural environ-
ment have several options for research: (1) building
internal research capacity, targeting core information
needs; (2) contracting research or develop agreements with
external institutions (e.g., universities); or (3) combining
the two.
Understanding the role and effectiveness of research is
thus an essential component of successful conservation
management. Agencies who recognize the importance of
research may consider establishing their own in-house re-
search capabilities. Such agencies would benefit from
having related benchmarks to guide their investments.
Here, we characterize and examine the in-house research
output of three publically administered conservation
agencies, with different models of research organization.
Our study is based on bibliographic analysis of the three
agencies from across the world (Australia, South Africa,
and United States) and our collective experience working
with conservation agencies in the three countries. Our
overall goal is to describe and examine the in-house re-
search function of the selected agencies, providing a
benchmark and assessment of contributions to the conser-
vation goals of those agencies. To do this, we first discuss
the roles and responsibilities of a contemporary ‘agency
researcher’. Then, we present the three case studies of
public conservation agencies’ research programs before
applying a framework of indicators for assessing the re-
liability and relevance of their research. The case studies
are diverse, providing an opportunity to derive generic
measures of productivity, rigor, and relevance. We con-
clude with observations and recommendations on the im-
portance of in-house research capability in conservation
agencies and the dangers of not providing such capacity.
Contemporary Role of an Agency Researcher
Society’s relationship with protected areas has evolved
through different phases over the past century, from
viewing protected areas as distinct ‘islands’ for protecting
natural wonders, to a more integrated appreciation of
porous boundaries and social-ecological feedbacks be-
tween protected areas and surrounding landscapes (Palomo
et al. 2014). Scientific understanding and management
practices have also advanced. The paradigm has shifted
from one of nature-in-equilibrium to accepting ecosystems
as open systems, regulated by natural disturbances (Pickett
and Ostfield 1995). Furthermore, there has been a gradual
shift in conservation management from command-and-
control and laissez-faire approaches to adaptive manage-
ment, where the latter acknowledges imperfect under-
standing and emphasizes the importance of ongoing
learning (Venter et al. 2008). These changing perspectives
continue to shape the role of researchers in conservation
agencies. Whereas agency researchers once functioned
largely as natural historians in the relative isolation of their
island parks, their contemporary functions equate with
those of bridging agents (Hahn et al. 2006; Berkes 2009),
facilitating learning across multiple boundaries of science,
policy, management, and stakeholder groups.
Given the complexity of many conservation issues,
management decisions are typically characterized by a
degree of stakeholder disagreement as well as uncertainty
about their outcomes. As such, purposeful learning, in-
cluding with stakeholders, and generating impartial evi-
dence should be important operational tactics for
conservation agencies (Cilliers et al. 2013). Science is an
important component of learning and, in applied settings
(such as conservation), is generally organized to achieve
two objectives: (1) provision of reliable information,
commonly through abstraction and reduction of study
(Ziman 2002); and (2) production of ‘socially robust’
knowledge, with wide validity and relevance (Gibbons
et al. 1994; Nowotny et al. 2001). Scientific information
can allow for implementation of management or policy if
perceived to be credible, salient, and legitimate (Cash et al.
2003). Credibility involves scientific rigor, including
methodology, technical evidence and argument; salience
relates to the relevance of the information to decision
makers; and legitimacy implies a perception that science
respectfully addresses diverse values, beliefs, views and
interests of stakeholders. Thus, reliability (incorporating
credibility) and relevance (incorporating salience and le-
gitimacy) are two essential dimensions of scientific infor-
mation, critical to effective management and policy in
conservation agencies.
This dual role contextualizes research by conservation
agencies charged with managing protected areas, devel-
oping conservation policy and mitigating impacts of
threatening processes. The conservation agency researcher
participates in several complementary processes that en-
hance learning. First, they produce reliable information—
sensu ‘solution building’ (Havelock 1972). Second, they
contextualize and communicate scientific information to
Environmental Management (2015) 55:1232–1245 1233
123
promote useful application and influence societal under-
standing. Finally, they process the needs of managers,
scientists, and other relevant stakeholders, framing prob-
lems, critiquing the evidence base and identifying infor-
mation needs.
Science includes standard activities of problem framing,
data collection, analysis, publication of results in peer-
reviewed literature or sometimes grey literature, presenta-
tions to managers and other stakeholders, engaging in task
groups and reaching civil society through the media. Cer-
tain engagement activities give a ‘membership fee’ to the
science community. These include reviewing journal pa-
pers and research proposals, examining theses, supervising
students, and providing expert advice to governments.
These activities, as well as their costs and time require-
ments, are sometimes poorly appreciated within conser-
vation organizations, especially where the research
function may comprise only a small part of the organiza-
tion. Yet, these responsibilities benefit the organization,
improving the standing and respect of agency researchers
in the science community. Peer review advances the re-
liability of the information, adds rigor to learning and en-
hances the credibility of the research (Clapham 2005).
Reviewing papers provides the reviewer and their organi-
zation with privileged early access to the latest develop-
ments, and exposes scientists to new lines of inquiry.
Teaching and examination influence the next generation of
researchers and establish reciprocal relationships with
universities. This includes supervising students, enhancing
researcher capacity because of challenging questions posed
by students and also potentially developing a ‘virtual
workforce’ of researchers to focus on effective conserva-
tion. Importantly, interfacing with academia can influence
external researchers to work on salient, strategic, and ap-
plied research problems. Finally, conservation research
also has a strategic dimension. With rising human
population, growing and diversifying demands for
ecosystems services, and evolving societal attitudes toward
conservation, research can anticipate and improve aware-
ness of potential future social expectations.
Engaging in the world of practical application is chal-
lenging for some researchers. However, this extension of
conventional science into the public, policy and manage-
ment domain is an essential part of conservation re-
searchers’ job description (Nowotny et al. 2001; Arlettaz
et al. 2010). Researchers need to interact with managers
and policy-makers to better understand problems and
challenges, engage in joint problem solving, critical ana-
lysis and mutual learning. Researchers may also play a role
on citizen and government task forces, advising on com-
plex problems, and working with public constituencies to
help them understand the relevancy of research and the
value of a sound information base to effective conservation
policy and management.
Integrating new scientific information with the knowl-
edge of stakeholder communities usually involves patience,
respectful negotiation, and empathetic listening. Publica-
tion of a paper in a peer-reviewed journal is no longer the
end point of a project, but more likely the launch pad for
influencing conservation policy, a park management plan
or a strategic objective of the organization (Arlettaz et al.
2010). The media can be a particularly powerful conduit to
policy-makers, managers and the community, and many
scientists can become well-expressed media communica-
tors (Baron 2010).
Case Studies
New South Wales Office of Environment
and Heritage, Australia
Most active management of protected areas, including
assessment and mitigation of threatening processes to
biodiversity in Australia is done by the States and Ter-
ritories under a federal system, with the exception of a
few protected areas (e.g., Kakadu National Park). These
organizations have a range of research staff including
dedicated researchers and project officers with scientific
training involved in surveying biodiversity, assessing
ecosystems and threatening processes, and applying
adaptive management. Some individuals in agencies are
actively supported in their research with careers rewarded
for commitment to rigorous research and publication in
peer-reviewed literature [e.g., New South Wales (NSW)
Research Scientist Award, http://www.dpc.nsw.gov.au/__
data/assets/pdf_file/0007/1033/Research_Scientists_Classi
fication_Reviewed_Guidelines_MAY2011_FINAL.pdf].
This case study focuses on the NSW Office of Envi-
ronment and Heritage (NSW OEH), the main agency
responsible for conservation across the state of NSW,
with three key goals in 2011–2012: sustainability and
resource recovery, a healthier and cleaner environment,
and integrated landscape management (NSW 2012).
Responsibilities cover a wide range of functions in-
cluding clean air and water, biodiversity conservation,
cultural heritage, protected area identification and man-
agement, tourism, and waste and energy. As of 30 June
2012, protected areas covered just over seven million
hectares (8.83 % of NSW). Scientific staff comprised
5.8 % of the organizations total workforce in 2009 (total
3698) and 4.9 % in 2010 (total 4321) (DECCW 2010).
The number of additional, externally funded, science
staff for these years ranged between 44 and 60.
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South African National Parks
In South Africa, several categories of protected areas
(Special Nature Reserves, National Parks, Nature Reserves
and Protected Environments) enjoy formal protection and
are managed by different authorities. The largest authority,
South African National Parks (SANParks, *4000 em-
ployees), manages 19 National Parks that constitute more
than four million hectare of protected land (*3 % of the
total area of South Africa). From its creation in 1926 when
the National Parks Act (Act No. 56 of 1926) was pro-
mulgated, the vision of SANParks has evolved to reflect the
changing values and understanding of society (Venter et al.
2008). Over the past two decades, SANParks has focused
on improving accessibility of national parks to people, to
ensure that conservation remains a viable contributor to
social and economic development. The organization’s
current mission is ‘‘to develop, manage and promote a
system of national parks that represents the biodiversity
and heritage assets by applying best practice, environ-
mental justice, benefit sharing and sustainable use.’’
SANParks generates approximately 85 % of its operating
revenue (www.sanparks.org), receiving the remainder
through government grants.
SANParks’ executive leadership is explicit about its
science-driven conservation: ‘‘We believe in a close part-
nership between park management, in-house research and
academic science to keep our knowledge production an-
chored in solving relevant problems and open to the best
ideas and most rigorous review. This symbiotic relation-
ship is built on a desire to learn and share knowledge’’
(SANParks 2013). Scientific Services, the scientific learn-
ing hub within SANParks, employs about 40 scientists (i.e.,
*1 % of staff) and administrative and support staff orga-
nized into three geographically dispersed nodes with cri-
tical local capacity but also providing research across the
entire park network.
United States Forest Service—Aldo Leopold
Wilderness Research Institute
Under provisions of the Wilderness Act of 1964, the United
States (US) manages nearly 800 designated wilderness
areas, classified as IUCN category 1b, totaling 44.4 million
hectares. These areas are administered by four federal level
agencies: the Forest Service, National Park Service, Bureau
of Land Management, and Fish and Wildlife Service. The
United States Forest Service manages approximately 14.7
million hectares of Wilderness, within a system of 154
National Forests and 20 National Grasslands, under a broad
multiple-use philosophy described in several pieces of
federal-level legislation. More specifically, forests are
managed to ‘‘Sustain the health, diversity, and productivity
of the Nation’s forests and grasslands to meet the needs of
present and future generations’’ (http://www.fs.fed.us/
aboutus/mission.shtml, accessed 28 September 2014).
Much of the Forest Service administered land under this
policy would be classified as IUCN categories V and VI.
The Forest Service employs about 40,000 full-time and
part-time people, administratively organized under three
principal divisions: (1) national forest systems (manage-
ment); (2) state and private forestry, providing technical
assistance to state land management agencies and private
land owners; and (3) research and development, which in
the 2011 fiscal year administered a US $338 million annual
research program (inclusive of forest inventory and ana-
lysis, the national fire plan, the joint fire sciences program
and maintenance). The Forest Service is organized geo-
graphically into five research stations, a forest products
laboratory and tropical forestry research institute. The
mission of the research and development program is ‘‘to
develop and deliver knowledge and innovative technology
to improve the health and use of the Nation’s forests and
grasslands—both public and private’’ (Forest Service 2014,
p. 4). The research and development program employs over
2100 staff of whom nearly 550 are full-time scientists—
approximately 1.4 % of Forest Service staff are scientists.
The Aldo Leopold Wilderness Research Institute
(ALWRI), formed in 1993 from an existing Wilderness
research work unit, is administered by the Forest Service to
conduct research related to wilderness, under memoranda
of understanding with the three other wilderness manage-
ment agencies and the U.S. Geological Survey. From 2008
to 2012, it employed 6–8 scientists and a similar number of
assistants, technicians, and administrators. The institute’s
research is guided by two main goals: ‘‘To develop the
scientific knowledge and tools needed to protect and pre-
serve wilderness and the ecological and social values
derived from wilderness and similarly managed lands, and
communicate and facilitate the application of this knowl-
edge to the wilderness management agencies and other
user groups’’ (http://leopold.wilderness.net/, accessed 28
September 2014). As a result, its research covers many
areas of wilderness management and protection, from bi-
ology, to management and to social science. Scientists
publish in peer-reviewed journals and in generally peer-
reviewed Forest Service technical reports, research papers,
research notes and conference proceedings.
Framework for Assessment
We defined reliability of agency research as the scientific
standing of the research, and relevance as the value of
research to inform conservation action (decision-making
Environmental Management (2015) 55:1232–1245 1235
123
and policy), given an agency’s mission and operating ob-
jectives. We examined these dimensions by collecting
quantitative data for publications in the three case studies
through seven indicators over 5 years, 2008–2012
(Table 1).
Scientific papers published by the NSW OEH were re-
ported in annual reports for financial years covering
2008–2010, and up to June for 2011. After this, publication
lists were no longer publicly available, but we obtained
publications for the remaining 6 months of 2011 and all of
2012 from NSW OEH. Scientific publication data for
SANParks were obtained from an assessment of in-house
research for 2008–2011 (Roux et al. 2012) and the 2012
annual research report (SANParks 2013). For ALWRI, a
list of publications for the period 2008–2012 was obtained
from the Institute’s website (http://leopold.wilderness.net/).
Results
Reliability
Contribution to Peer-Reviewed Literature
NSW OEH staff contributed to 458 peer-reviewed journal
papers (2008–2012, Fig. 1). Numbers of publications were
generally stable over the assessment period, although the
second lowest was in 2012 (Fig. 1). SANParks staff con-
tributed to 183 peer-reviewed journal papers (2008–2012)
with 288 affiliated authorships. There was an increased
number of papers published in journals over time, ex-
cluding those published in the in-house journal Koedoe
(Fig. 1). Over the four years from 2008 to 2011, Forest
Service scientists published about 9000 manuscripts in
Table 1 Indicators, measures, and methods used to assess research
reliability and research relevance of three case studies (Australia,
New South Wales Office of Environment and Heritage; South Africa,





Reliability Contribution to peer-reviewed
literature
(a) Numbers of manuscripts (co)authored by agency
staff
(b) Type of publications (original research, essay/letter,
conceptual/methodological, review/synthesis,
editorial, commentary)
(a) Annual reports, Web of
Science, Scopus, organizational
website
(b) Assessment of each
manuscript
Scientific standing of journals Journal impact factors for 2011 Thomson Reuters Institute for
Scientific Information (Web of
Science)
Scientific leadership Number of publications for individual researchers From publication list generated for
first indicator above
Research cooperation Affiliations of collaborators Analysis of each publication
Relevance Alignment with organization
objectives
Categorizations of publications, based on key thematic
areas for the organization
Varied with case study. Each
paper was assigned to the theme
it best fitteda
Ecosystems realms Terrestrial, freshwater or marine focus Categorizations based on content
and expressed as percentage of
publications
Science outreach: engagement with
policy, management, stakeholders,
and media
Policy input at national to organizational levels
Participation in operational and planning processes
Co-learning with relevant stakeholders
Disseminating research results through popular media
Qualitative observations
a Australia (NSW Office of Environment and Heritage)—ecology, biodiversity conservation, ecosystem management, pollution, soil processes,
socio-economics, disease and archaeology. South Africa (South African National Parks)—ecology (the chemical, biological and physical
components, processes and functions of ecosystems, including species checklists); biodiversity conservation (achieving conservation outcomes,
including biodiversity assessments, indicators and thresholds, conservation planning and the systematic expansion of the conservation estate);
nature-based tourism (governance and financial sustainability of eco-tourism and understand the expectations and perceptions of tourists);
people-centered conservation (stakeholder engagement, ecosystem services and sharing ecosystem-based benefits); and management (policy
processes, biodiversity monitoring, management effectiveness, adaptive planning and management, science-management interfacing and co-
operative governance). United States (Aldo Leopold Wildlife Research Institute)—recreational experiences and the impacts of recreation on
preserving and protecting wilderness resources and experiences; how relationships between people and lands protected for their wilderness
values affect, and are affected by, management policies and actions; management of fire as a natural process in wilderness; influence of location
on wilderness stewardship; delivery and application of scientific knowledge and tools pertinent to wilderness stewardship
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journals, and another 4500 manuscripts in other outlets,
including formal research papers and reports. The ALWRI
contributed 115 peer-reviewed papers from 2008 to 2012
(Fig. 1).
Most papers published by researchers from all three
agencies represented original (empirical) research with the
remainder including conceptual/methodological, essay/
letter, review/synthesis, and commentary/editorial contri-
butions (Fig. 2).
Scientific Standing of Journals
The 458 NSW OEH papers were published in 181 different
journals. Most publications had a journal impact factor
(ISI) of 1–5 (70.5 %), with 16.3 % published in journals
that were not ISI rated (i.e., no Web of Science impact
factor). Only 15 targeted journals had impact factors [5
(Fig. 3). The number of times that a specific journal was
used ranged from once (102 journals) to 22 times (Eco-
logical Management and Restoration; no impact factor).
The next five highest used journals were Austral Ecology
(16; impact factor = 1.82), Wildlife Research (15; impact
factor = 1.205), International Journal of Wildland Fire
(14, impact factor = 2.215), Biological Conservation (12;
impact factor = 3.498) and Journal of Coastal Research
(10; impact factor = 0.697).
The 183 SANParks papers were published in 83 dif-
ferent journals. A relatively high percentage (27 %) was
published in journals that were not ISI rated (Koedoe ac-
counting for 70 % of these papers—this journal was under
review and has received its first impact factor of 1.486 in
2014). Twelve targeted journals had 2011 impact factors
[5, accounting for 16 papers (Fig. 3). The number of times
that a specific journal was used ranged from once (48
journals) to 35 times (Koedoe). Other journals that carried
Fig. 1 Number of peer-reviewed publications with at least one
agency-affiliated author per year (2008–2012) for the three govern-
ment conservation agencies: NSW Office of Environment and
Heritage (OEH), Australia; South Africa National Parks (SANParks),
South Africa and Aldo Leopold Wildlife Research Institute (ALWRI),
United States
Fig. 2 Percent distribution of different manuscript types within the
three conservation agencies: NSW Office of Environment and
Heritage (OEH), Australia; South African National Parks (SAN-
Parks), South Africa and Aldo Leopold Wildlife Research Institute
(ALWRI), United States
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C5 papers were Plos One (six papers; IF = 4.092), African
Journal of Ecology (six; IF = 0.655), Ecography (five;
IF = 4.188), South African Journal of Wildlife Research
(five papers; IF = 1.085), and Journal of Zoo and Wildlife
Medicine (five papers; IF = 0.381).
The 115 ALWRI peer-reviewed papers were published
in 41 different journals. The remaining papers were pub-
lished in peer reviewed book chapters, Forest Service re-
search papers, or in symposium proceedings. A significant
fraction of the journal manuscripts were published in the
non-ISI rated International Journal of Wilderness (18 %).
Park Science, another non rated publication was the outlet
for 5 papers. Only a few journals, such as Environmental
Management (four papers, IF = 1.97), Landscape Ecology
(two papers, IF = 3.83), Conservation Biology (three pa-
pers, IF = 5.94), Herpetological Conservation and Biology
(two papers, IF = 0.76), Social Indicators Research (two
papers, IF = 1.13) and Ecological Applications (two pa-
pers, IF = 5.38) were the outlets for more than one
manuscript.
Leadership in Science
There were 193 NSW OEH employees who contributed to
peer-reviewed journal papers (2008–2012, Fig. 4), at an
average of approximately 2.4 papers per contributing au-
thor for the reporting period. Not all were within the Sci-
entific Division. There was a mean number of papers over
the 5 years of 3.74 ± 5.60 (SD) publications per person
but this was highly skewed (Fig. 4, median = 2). Twenty-
one individuals averaged C2 papers per year and 14 of
them C3 papers per year (Fig. 4). The most productive 21
publishers (10.9 %) contributed more than three quarters
(77.7 %) of total authorships. Only one of the 20 most
productive publishers (C3 papers) in NSW OEH was fe-
male. The most productive publisher produced more than
seven publications a year.
Sixty-two members of SANParks’ employees (ap-
proximately 1.5 % of the total employees) contributed to
peer-reviewed journal papers (Fig. 4), at an average of
approximately three papers per contributing author over the
5 years. Forty-two of these authors (67.7 %) are from the
Scientific Services unit, with the others being from units
such as Veterinary Wildlife Services, Conservation Man-
agement, Park Planning and Policy and Governance.
Fig. 3 Distribution of peer-reviewed journal papers with agency-
affiliated authorships across journals in different ranges of ISI Impact
Factor (2011, Web of Science) for the three agencies NSW Office of
Environment and Heritage (OEH), Australia; South Africa National
Parks (SANParks), South Africa and Aldo Leopold Wildlife Research
Institute (ALWRI), United States. NR referred to non ISI rated
journals
Fig. 4 The number of peer-reviewed journal papers contributed to by
193 NSW Office of Environment and Heritage (NSW OEH)
employees, 62 South Africa National Parks (SANParks) employees,
and 21 Aldo Leopold Wildlife Research Institute (ALWRI) re-
searchers (2008–2012)
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Eleven individuals (17.7 % of contributing publishers)
averaged C2 papers per year and three of them C4 papers
per year (Fig. 4). The most productive 10 publishers
(16.1 %) contributed 53.3 % of the total authorships. Six of
the 15 most productive publishers (C5 papers) in SAN-
Parks are female, including the overall top performer.
Twenty-one ALWRI affiliated authors (including Na-
tional Park Service, Bureau of Land Management, Forest
Service and US Geological Survey employees) contributed
to the papers published in the study period. On average,
each contributing author produced 5.5 papers for the re-
porting period. The most productive five authors (with 11
or more publications) produced 68.5 % of the total peer-
reviewed publications in the study period.
Research Collaboration
Papers by NSW OEH had a total of 1732 affiliations (in-
cluding 718 NSW OEH affiliations and 1014 other affilia-
tions. Nearly half (48.0 %) of these affiliations were with
Australian Universities, with the rest from Australian gov-
ernment agencies (22.1 %), international agencies (9.4 %),
non-government or business organizations (3.8 %) and local
government (\1 %) (Fig. 5). The 183 papers to which
SANParks staff contributed contained a total of 980 author
affiliations (including 288 SANParks affiliations). Within
South Africa, 360 non-SANParks affiliations spanned 13
Universities (73.6 %), research councils (13.1 %), national
and provincial government departments (6.4 %), NGOs and
private organizations (5.8 %), and other conservation
agencies (1.1 %) (Fig. 5). Co-authorships reflected affilia-
tions with 27 nationalities other than South Africa. Of these,
the Netherlands (66), USA (62) and United Kingdom (45)
have notable occurrences as countries of co-author affilia-
tion. The Forest Service research and development program
involved about 700 cooperative agreements and grants per
year accounting for about 15 % of the research and devel-
opment budget. For the ALWRI, we identified 491 author
affiliations (including 130 ALWRI authorships). Among the
USUniversities, University ofMontana (33) and Idaho State
University (22) were the most prominent collaborators. In
contrast to SANParks and NSW OEH, there were few in-
ternational collaborative activities and these were from
Canada (10), Australia (6), and the United Kingdom (3).
Relevance
Alignment with Organizational Objectives
Most publications (66.1 %) from NSW OEH contributed to
two main areas: ecology and biodiversity conservation
(Fig. 6). The next most important category was manage-
ment, contributing 14.6 % of the publications with the
remaining five areas (pollution, soil, socio-economics,
disease, and archaeology) only contributing 19.4 % of the
publications (Fig. 6). The majority (66.1 %) of the 183
SANParks papers contributed to understanding the bio-
physical patterns and processes associated with ecosys-
tems; 16.4 % addressed applied conservation questions;
13.7 % related to management issues; 3.8 % focused on
social aspects of conservation; and none were dedicated to
nature-based tourism (Fig. 6). Papers written by ALWRI
authors were not easily categorized. Most dealt with
Fig. 5 Distribution of author affiliations of papers involving NSW
Office of Environment and Heritage (NSW OEH) employees, South
Africa National Parks (SANParks) employees, and Aldo Leopold
Wilderness Institute (ALWRI) researchers (2008–2012)
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management of wilderness, the Institute’s mission, in-
cluding management of visitors, naturally occurring fire,
wilderness character and understanding and framing man-
agement (e.g., the notion of naturalness).
Ecosystem Realms
Most papers originating from NSW OEH were in the ter-
restrial realm (61.1 %), with rivers and wetlands, and
marine and coastal systems making up 25.5 and 13.3 %,
respectively (Fig. 7). The 183 SANParks papers related
predominantly to terrestrial ecosystems (76.0 %) with 16.4
and 3.8 % linked to inland waters (rivers, wetlands, and
estuaries) and marine ecosystems, respectively (Fig. 7).
With the exception of amphibian research, ALWRI science
is generally driven by management issues and challenges,
applicable to most ecosystems, given the focus on man-
agement and its effectiveness in maintaining character of
designated Wilderness.
Science Outreach
All three agencies require their scientists to contribute to
providing the scientific basis for policy, engagement with
management and wide communication of research results
to a broad public. This is through specific working groups
including managers, policy makers and scientists, or indi-
vidual interactions. Advice can relate directly to research
by agency scientists or external research.
Science for effective management is a key focus for all
agencies. This includes the transfer of internal and external
rigorous scientific knowledge for management of protected
or wilderness areas. There are three mechanisms to achieve
this, variously implemented in the three case studies. First,
scientists provide advice on specific management plans
related to biodiversity, management of threats, provision
for visitor experiences and integrating knowledge with
management. Second, there is formal adoption of a
Strategic Adaptive Management (SAM) approach in
SANParks, and an increasing commitment to applying
adaptive management within NSW OEH (Kingsford et al.
2011), explicitly linking science and conservation man-
agement. Through SAM, hypotheses regarding acceptable
boundaries of ecosystem variability (thresholds of potential
concern), consideration of alternative management options,
and ongoing monitoring and evaluation, are treated as in-
terconnected steps in a process of learning-by-doing (Roux
and Foxcroft 2011). Strategic Adaptive Management gives
some legitimacy to decisions emerging from mutual
learning. Some SANParks researchers have become skilled
social facilitators. Although SAM is increasingly advo-
cated, it is implemented variously within and between
agencies. Similarly, ALWRI scientists work closely with
managers to develop measures and procedures to monitor
Wilderness character (Landres et al. 2008), a legal obli-
gation of federal agencies under the Wilderness Act. They
also work with managers to frame important policy and
research issues, serve as a clearinghouse for relevant
wilderness research, and engage with students. For exam-
ple, ALWRI scientists canvassed the notion of naturalness,
a concept central to managing wilderness, and management
Fig. 6 Focus directed to key organizational management themes
through NSW OEH and SANParks research papers
Fig. 7 Distribution of agency papers across three main ecosystem
realms for NSW OEH and SANParks
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of opportunities for wilderness visitor experiences (Cole
and Yung 2010; Cole and Williams 2012). Third, within
NSW OEH and SANParks, designated ecologists transfer
information between park management and researchers. In
SANParks, ‘regional ecologists’ assist park managers and
rangers with scientific and monitoring inputs for decision-
making. They also coordinate regular science-management
forums for individual parks, where scientists, park man-
agers, rangers, and other relevant internal stakeholders
discuss management concerns and jointly make imple-
mentation and monitoring decisions (SANParks 2013).
Scientists in all three agencies also communicate their
work and associated research and policy internally as well
as externally; the latter through public forums and scientific
conferences, forging collaborative networks with the sci-
entific community. This may be broadened by discussing
scientific research, its findings and implications in the
media. Such interactions vary widely among individuals
but provide an excellent conduit to the public for support of
agency science. Generally, scientists are poorly trained in
the art of engaging with the media but it remains an im-
portant skill to improve and utilize (Baron 2010).
Discussion
This study provides insight into the role and value of re-
search functions within contemporary conservation agen-
cies based on our assessment of three agencies with
varying mandates and size, as well as ecosystem, institu-
tional, political, and administrative contexts. We do not
claim these agencies to be representative—they are
relatively well resourced compared to agencies in other
regions—but our analyses identify general patterns and
characteristics. Importantly, we provide a benchmark,
where none have existed for conservation agencies.
We have pointed out that many different demands, not
necessarily relevant in other research institutions (e.g.,
universities), guide and inform the research of agency
scientists. These include the relative amount of time and
energy devoted to interactions between scientists, man-
agers, policy-makers, and the broad community, and the
effort required to generate peer reviewed research in sci-
entific journals. There is also a need to balance the aspi-
rational goals of individual researchers (for example, desire
to make a difference, improve expertise, and develop in a
particular field of research) with goals and demands of the
organization.
Simply, agency researchers need to act in two key di-
mensions: reliability achieved through peer-reviewed re-
search output and relevance achieved through purposeful
stakeholder engagement (Fig. 8). Some researchers occupy
operating space high in both dimensions (Fig. 8), but the
reliability dimension remains critical, providing credibility
and the critical measure of peer-reviewed publications.
Performance on this dimension should be a requisite for
conservation agency researchers. There is inevitable ten-
sion in the relative amount of time devoted to these di-
mensions with few reward systems acknowledging high
performance across the spectrum of activities.
Our assessment framework (Table 1) and the two-di-
mensional conceptual model (Fig. 8) provide useful
heuristics for the role and value of agency researchers.
Reliability indicators (Table 1) can be measured reason-
ably easily in terms of rigor and collaboration, but
assessing relevance is more intricate. These measures, used
with the two-dimensional model (Fig. 8), can potentially
inform reflection on an agency’s research function. For
example, should highly productive publishers trade off
peer-reviewed output for improving engagement skills;
should junior conservation biologists dedicate equal at-
tention to research and engagement or first establish their
credibility through peer-reviewed publications; how do
agencies foster and reward individuals performing in both
dimensions; and what to do with field biologists with
valuable data but who do not publish or engage with
stakeholders? We do not answer such questions but suggest
that the two dimensions of reliability and relevance remain
critical to effective research and decision making within a
conservation agency, allowing assessment of performance
of individuals and agencies.
Fig. 8 Different quadrants illustrating domains that research scien-
tists (dots) in a conservation agency might occupy in the two
dimensions of peer-reviewed output and stakeholder engagement.
These can, respectively, reflect the key values of research in the
conservation agency: reliability and relevance. Stakeholder engage-
ment includes interactions with other functions in the agency or
government (policy, management) or the broad community through
seminars workshops and media. Researchers can demonstrate a track
record along one or both axes
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Reliability
Our results show a strong record of peer-reviewed publi-
cation output by all agencies (Fig. 1), demonstrating that
in-house science functions produced reliable research. In
particular, the high proportion of original/empirical con-
tributions from all three agencies (Fig. 2) reflects sig-
nificant time and resource investment in fieldwork,
providing critical evidence for the state of protected areas,
trends in biodiversity, and measuring and dealing with
impacts of threats in social-ecological systems. The
relatively low percentage of review/synthesis contributions
by all three agencies might be considered somewhat sur-
prising. Scientific synthesis—the integration of disparate
data, concepts, or theories in ways that yield new knowl-
edge, insights, or explanations—is increasingly recognized
as an essential scientific endeavor in an era of information
overload (Carpenter et al. 2009; Hampton and Parker
2011). Moreover, agency scientists targeted some high
impact journals (Fig. 3). The impact factor is probably not
a key driver for agency research (in general), unlike in
many other research institutions. Instead, agency scientists
often worked on questions related to local management for
practical conservation outcomes. They may be inclined to
target journals relevant to wilderness/protected area man-
agers, rather than scientific colleagues. This may explain
the relatively high number of papers published in the ISI
non-rated journals International Journal of Wilderness and
Koedoe (although the latter was rated in mid-2014) by
ALWRI and SANParks researchers, respectively.
A few individual researchers in the agencies were par-
ticularly productive with the most productive researcher for
each agency contributing to 36, 36, and 34 journal manu-
scripts for NSW OEH, SANParks, and ALWRI, respec-
tively (Fig. 4). A key objective should be identification of
the mechanisms and talents that form the basis of such
productivity so that output of other scientific staff can be
improved, given the long tail (Fig. 4). This could include
their research background and influences and their skills,
particularly in relation to quantification, analysis and
writing. A further contributory factor to this productivity
was the involvement of these productive authors in large
collaborative publications. Although agency-specific pat-
terns of research cooperation differed (Fig. 5), collabora-
tion was extensive with university academics in their own
countries, as well as international co-authors for NSW
OEH and SANParks (Fig. 6). There was clearly a track
record of reliable research in all our case studies,
notwithstanding internal and external differences in re-
search environments, rewards systems, and motivational
factors. Key limitations for many agency scientists include:
limited access to electronic journals through subscription
services; no opportunity to apply for university research
grants and bureaucratic financial systems that prevented
easy procurement of research equipment.
Regardless of these operational realities, rigorous re-
search provides an essential evidence base for conservation
management and policy. Peer-reviewed research delivers
managers some assurance that resulting information is re-
liable. Such science strengthens agency positions when
facing stakeholder criticism. Similarly, scientific evidence
helps to justify resources needed to combat threatening
processes or ensure that protected area values are pre-
served. Furthermore, an agency’s ability to identify, ab-
sorb, transform, and utilize external scientific information
is a function of the depth and breadth of related information
and reputations of agency researchers (Murray et al. 2011).
This ‘absorptive capacity’ is a catalyst for collaborative
research—often essential for addressing landscape-scale
social-ecological issues—requiring input from several
disciplines not always available within the agency. Col-
laborative research can harness this expertise and connect
the agency to a virtual workforce of researchers and stu-
dents willing to address conservation problems and provide
solutions. All agencies implemented innovative programs
to further this process, with short-term appointments be-
tween academia, formal engagements with management
(e.g., field seminars), and high level policy discussions
involving internal and external scientists and managers.
This is particularly important for ALWRI, given its
relatively small scientific staff, relative to the area of the
National Wilderness Preservation System. Importantly,
these interactions were not a substitute for peer-reviewed
publication.
Publishing research findings in the peer-reviewed lit-
erature rigorously consolidates personal and organizational
learning; establishes the profile of scientist and organiza-
tion; contributes to the systematic knowledge production
process of science; advances the specific discipline; pro-
vides a tangible output justifying expenditure of public
money; and ensures safe archiving and availability of re-
search information to the broad scientific community.
Given these considerations, agency researchers who design
experiments, survey biodiversity, and collect significant
data should submit their findings for peer-reviewed publi-
cation (Clapham 2005).
Relevance
Reliable research must be complemented by relevance to
ensure that new information is disseminated, reflected
upon, and implemented for effective conservation. This
requires complementary skills of agency researchers to
take their science to managers, policy makers and the
public and to participate in value debates in the world of
trade-offs. This process is challenged by the different
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cultures of science and management (Roux et al. 2006),
accentuated by institutional barriers. Agency researchers
usually develop networks crossing different cultures, in-
creasing not only knowledge dissemination, but also a
greater understanding of the contextual (social, ecological,
bureaucratic) challenges for conservation policy and man-
agement. For example, the greatest advances in visitor
management in protected areas in the United States oc-
curred when scientists and managers jointly identified,
framed, and pursued solutions (McCool et al. 2007).
Critically, this requires commitment by both parties.
In all three agencies, there was a strong focus on re-
search for effective conservation policy and management
(Fig. 7). This included identification of problem areas that
cut across disciplines, threats, and ecosystems, as well as
management of protected areas. Scientists are skeptics
driven by curiosity and search for explanations that can
often lead to surprising and useful results. SANParks and
some NSW OEH scientists were involved in on-the-ground
management planning while ALWRI and other scientists in
NSW OEH focused more on developing processes and
frameworks for decision making and policy. For SAN-
Parks, framing strategic adaptive management as a process
linking science to management reinforced the value of
science in informing management decisions (Biggs and
Rogers 2003). Importantly, adaptive management has en-
gaged stakeholders in setting conservation visions and
identifying management options which promote social
learning and shared understanding of key conservation is-
sues. Similarly, ALWRI developed a wilderness manage-
ment planning process designed to engage constituencies
and improve capability to manage visitors in Wilderness
(Stankey et al. 1985), a dominant focus in the field. En-
gagements between agency researchers and other functions
produced research programs and projects highly influenced
by management needs and policy challenges. Such ‘need
processing’ (sensu Havelock 1972) with strong manage-
ment, policy, and research interactions probably produces
more relevant research for effective conservation and
management.
The degree to which publications by NSW OEH and
SANParks researchers addressed the focus areas of their
respective organizations was unequal (Fig. 6). The large
proportional focus on ecological understanding and biodi-
versity conservation reflected traditional strengths, but may
also reflect high publication success compared to other
research areas. There are two implications. First, there may
be a need to increase research to support more recent ob-
jectives such as SANParks’ people-centered conservation
and nature-based tourism by establishing such expertise.
Second, there may be a need to increase scientific output in
peer-reviewed journals from relatively less productive ar-
eas (see Fig. 8) with similar scientific capacity.
Distribution of research effort across ecosystem realms
(Fig. 7) was also disproportionate for NSW OEH and
SANParks, with more attention focused on terrestrial than
aquatic ecosystems. This is in contrast with freshwater
ecosystems which are more threatened than terrestrial
counterparts in South Africa (Driver et al. 2012). For
ALWRI, research effort was directed principally toward
enhancing stewardship of wilderness areas through in-
teragency collaboration, given funding by the many re-
sponsible agencies. Our approach for assessing research
attention across ecosystem realms could be expanded to
include finer ecosystem scales. This would allow agencies
to highlight, for example, particular ecosystems that are
both rare and understudied in their country contexts.
For ALWRI, the research mission is directed toward a
number of ‘‘problem’’ areas (Table 1) that cut across dis-
ciplines, threats, and ecosystems. Its primary focus is to
enhance the stewardship of Wilderness through research
and development, resulting in research effort that is often
inter- if not trans-disciplinary in nature. In this sense,
ALWRI represents a non-conventional research organiza-
tion, funded by multiple agencies that share responsibility
in Wilderness stewardship. This has resulted in a variety of
innovative programs, such as scientists and managers sec-
onded to ALWRI, short-term appointments, cooperative
endeavors with academia, and formal engagements with
management ranging from field seminars to participation in
high level policy discussions. This is particularly sig-
nificant given the relatively small size of the ALWRI sci-
entific staff in relation to the overall size of the National
Wilderness Preservation System.
There will be inevitable challenges in finding synergy
between science, policy, and management direction.
Conservation is political action, based principally on
publically funded organizations executing public policy,
best supported by good scientific evidence. Sometimes
this scientific evidence does not align with agency di-
rection. For example, it took years for the US Forest
Service to adopt a fire management policy in Wilderness
that allowed naturally occurring fire to burn (under certain
conditions), despite the strong scientific evidence. The
critique that is a norm in the scientific culture may not be
appreciated within agency policy circles. Managing ten-
sions between agency policy and scientific results is
clearly a challenge. Another key role for agency re-
searchers is to identify emerging issues for the agency
and direct their research (e.g., rhino poaching in South
Africa). This can assist the agency to anticipate problem
areas, but it is also difficult for researchers to easily
switch to new priorities as they are primarily rewarded in
the scientific community for building expertise in a spe-
cialist research area. If a researcher’s area is not relevant
to an agency, a mismatch of relevance can occur with a
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researcher pursuing their own interests and not those of
the conservation agency.
Conclusions
Agency research functions are vital to providing the evi-
dence base for increasingly difficult management and
policy challenges in conservation (Cook et al. 2009).
Agency research critically generates knowledge but also
filters, synthesizes, and transforms available scientific in-
formation and facilitates the diffusion, absorption, and
implementation of information deemed relevant to fulfill-
ing the agency’s objectives. It also connects science with
management and policy functions, as well as with con-
servation stakeholders and society at large.
The in-house research function described in this paper
correlates with the roles credited to boundary or bridging
organizations (Hahn et al. 2006, Berkes 2009). As an
‘‘organization within an organization’’, the research func-
tion will be successful to the extent to which it bridges
multiple boundaries. As such it will ideally have to mo-
bilize resources for research, facilitate the identification of
research needs and common interests, stimulate coop-
eration and co-learning across vertical (e.g., between local
management feedbacks and national policy development)
and horizontal (e.g., across disciplines and parks) bound-
aries, create inter-organizational arenas for building trust,
and even resolve conflicts. The synergistic potential be-
tween the learning systems of conservation science and
conservation practice can only be realized by combining
their respective practices with active boundary processes.
In turn, this depends on people with the social skills to
engage across boundaries yet who have enough depth in
their own practice to add value and earn their standing in
these difficult hybrid knowledge domains. As such, agency
researchers may operate in a challenging ‘‘landscape of
tensions’’, associated with ‘‘being all things to all people’’
(Parker and Crona 2012).
The alternative to in-house research is to contract out
research to external research partners such as universities.
This may attain some of the agency’s research goals, but
when relied upon exclusively will become project oriented
rather than programmatic. Further, without in-house capa-
bility, it is unlikely to effectively direct and influence ex-
ternal research or assess its usefulness. Also, external
research, because of its ‘‘event’’ oriented structure, may
face difficulty in developing the long-term manager-sci-
entist engagement and learning capacity of conservation
organizations, essential to operating in a complex and
uncertain world. Conversely, relying only on agency re-
search may not adequately build on potential synergies.
Ideally, agency research capability can leverage the
production of reliable and relevant scientific information
by interfacing dynamically with the broader scientific
community, as found in our case study agencies.
In the world of change, complexity and contentiousness
that characterizes conservation management and mitigation
of threatening processes, agency research cannot be a
luxury. Information produced by reliable and relevant re-
search is necessary for good stewardship, responding to
changing threats to biodiversity, and accommodating needs
of an exponentially growing global population. Scientists
by nature are innovators, but are also focused on producing
reliable evidence. Amid increasingly challenging realities
for conservation of ecosystems, agency science remains an
essential part of good decision making to protecting natural
heritage.
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